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HOnleobox (HOX) genes share a highly conserved 
183-bp sequence. The encoded proteins are capable of 
binding to specific DNA sequences and functioning as 
transcription factors. HOX genes playa critical role in 
the temporal and spatial differentiation of cells during 
embryogenesis. In several adult tissues, HOX genes are 
expressed in a constant, tissue-specific pattern, whereas 
in malignant tumors of these tissues an altered expres-
sion pattern was found. We investigated the expression 
of HOXC4 in adult normal skin by reverse-transcrip-
tion polymerase chain reaction and non-radioactive 
RNA in situ hybridization. Moreover, HOXC4 expres-
sion was studied in various epidermal neoplasms (solar 
keratosis, six specimens; Bowen's disease, four; squa-
mous cell carcinoma, nine; basal cell carcinoma, three) 
by RNA in situ hybridization. HOXC4 was found to be 
expressed in the suprabasal layers of the epidermis 
H omeobox (HOX) genes contain a region of 183 nucleotides that was conserved during evolution and encodes a 61 amino acid domain called the ho-meodomain. These homeodomains are capable of binding to specific DNA sequences by virtue of a 
hel ix-tum-helix motif. For some homeodomain containing pro-
teins of the fruit fly Drosophila melanogaster, a function as transcrip-
tion factors has been demonstrated (reviewed in [1,2]). In humans, 
38 HOX genes are organized in four clusters (A, B, C, D) on four 
different chromosomes [3]. They playa critical role in the temporal 
and spatial development of the embryo [1,2] . 
Expression of HOX genes has also been demonstrated in several 
adult tissues. For example, in kidney, liver, colon, and the hemato-
poetic system, class I HOX genes were found to be expressed in a 
constant, tissue-specific pattern. Malignant tumors of these tissues, 
however, showed an altered expression pattern with upregulation 
of some and downregulation of other HOX genes [4-6]. Ina mouse 
model, retrovirus-induced expression of Hoxb-8 and interleukin 3 in 
normal bone marrow cells has been shown to provoke transplant-
able myeloid leukemia [7]. After subcutaneous injection, NIH 3T3 
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in normal skin specimens and the adjacent non-Ie-
sional epidermis of all other specimens. Atypical kera-
tinocytes of solar keratoses and Bowen's disease as well 
as basaloid cells ofbasal cell carcinomas were negative. 
In squamous cell carcinoma, well differentiated areas 
with keratinization showed HOXC4 expression, 
whereas poorly differentiated areas were negative. Iro-
munostaining with an antibody against cytokeratin 10, 
a marker of epidermal differentiation, was perforttled. 
A good correlation between the distribution pattern of 
HOXC4 and cytokeratin 10 in the lesions exattlined 
was found. These results suggest that HOXC4 is ex-
pressed mainly in differentiated keratinocytes. Lack of 
differentiation (as in neoplastic cells) is accompanied 
by down regulation of HOXC4 expression.] Invest Der-
matoI103:341-346, 1994 
fibroblasts bearing an activated Hox b-8 gene produced fibrosarco-
mas in nude mice [8] . 
The knowledge about HOX gene expression in skin is at present 
very limited [1,2,9]. Detmer el af [9] have studied expression of 
Hox-B, genes in fetal murine skin. Additionally, they found expres-
sion of Hox b-2, -b-4, and -c-4 in adult murine skin. We have studied 
the expression of the most 3' located gene at the HOX-C cluster, 
HOX C4, in adult normal human skin by reverse-transcription 
polymerase chain reaction (RT-PCR) and RNA ill situ hybridiza-
tion (RISH). Both methods consistently demonstrated HOXC4 
mRNA in normal skin. ruSH showed that HOXC4 is expressed 
mainly in the suprabasal layers of normal epidermis similar to the 
expression pattern of the cytokeratins 1, 10, and 11, which are 
markers of epidermal differentiation. Further study of epidermal 
neoplasms with ruSH and cytokeratin 10 (CK10) immunostaining 
revealed a similar distribution pattern of HOXC4 and CK10 ex-
pression in atypical and neoplastic keratinocytes. 
MATERIALS AND METHODS 
Tissue Samples Six specimens of normal skin, obtained during plastic 
surgery, were snap-frozen and stored in liquid nitrogen. Routinely forma-
lin-fixed and paraffin-embedded specimens of normal skin (n = 7), solar 
keratosis (n = 6), Bowen's disease (n = 4), squamous cell carcinoma (SCC, 
n = 9), and basal cell carcinoma (n = 3) were collected from the arch ives. 
Clinical data of the patients are summarized in Table 1. 
RT -PCR Total RNA was isolated from cryostat sections offrozen normal 
skin, and from the cell line SVK14, derived from simian virus 40-infected 
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Table I. HOXC4 Expression as Detected by RNA In Situ 
Hybridization in Normal Skin and Epithelial Skin Tumors 
Normal 
Patient Sex Age Site Epidermis Lesion 
Normal skin 
1 F 61 Lower leg + 
2 M 66 Back + 
3 F 63 Lower leg + 
4 M 52 Chest + 
5 F 46 Lower leg + 
6 M 51 Sole of the foot + 
7 F 46 Back + 
Seborrheic keratosis 
8 F 74 Chest + + 
Solar keratosis 
9 M 56 Nose + 
10 M 54 Chest + 
11 F 69 Forearm + 
12 M 50 Nose + 
13 F 60 Forearm + 
14 M 81 Eye lid + 
Bowen's disease 
15 M 70 Inguinal + 
16 M 84 Scalp + ±' 
17 F 68 Upper arm + ±' 
18 F 69 Cheek + 
Squamous cell carcinoma 
19 F 90 Cheek + 
20 M 73 Nose + ±' 
21 F 74 Nose + ±' 
22 M 83 Preauricular + ±' 
23 M 83 Preauricular + ±' 
24 F 79 Chest + ±' 
25 M 69 Cheek + ±' 
26 M 64 Front + ±' 
27 F 87 Forearm + ±' 
Basal cell carcinoma 
28 · F 85 Nose + 
29 F 40 Shoulder + 
30 F 71 Abdomen + 
• Expression only in differentiated areas of the tumor (sec text). 
human foreskin keratinocytes [10] using the RNAzol B method according to 
the instructions of the manufacturer (Cinna/Biotecx, Houston, TX). 
Primers (for PI, 5'-GTG TGT GTG TGG AGC TGA GAC AGG C -3', 
forward; for P2, 5' -GCG GGA TGC AAA TGA TTC TGA CG -3', reverse) 
were designed with the PCRPLAN program of the PC/Gene software 
(IntelliGenetics, Mountain View, CAl. They span the 35-kb intron of the 
HOXC4 gene according to the sequence published by Simeone el af [11] 
1 2 3 4 5 
220bp -
154bp -
Figure 1. Expression of HOXC4 in :\ representative normal skin 
specimens and keratinocyte cell line SVK 14 as demonstrated by 
RT-PCR. cDNA of normal skin was amplified with primers PI and P2,and 
products when separated by agarose gel electropheresis, transferred to a 
nylon membrane, hybridized with the 92P-labeled oligonucleotide probe 01 
specific for HOXC4, and exposed to an X-ray film . Lalles 1,2, and 3: samples 
of normal skin (corresponding to patients 1 to 3 in Table J) . Lane 4: cultured 
SVK 14 cells. Lane 5: negative control without reverse transcription reaction. 
Dashes, marker fragments of a Hingl digested PBR322 plasmid. 
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Figure 2. HOXC4 expression in normal skin as demonstrated by 
non-radioactive RNA in situ hybridization (signal consists ofblaek 
granules). a) Hybridization with antisense probe; b) sense probe (negative 
control). 
(cDNA clones cp8 and epI9). The expected size of products amplified from 
cDNA is 170 bp, whereas amplification of genomic DNA would result in 
considerab ly longer products. RT-PCR was carried out as described previ-
ously [12]: cDNA was synthesized at 42°C for 1 h in a total volume of20 pl 
containing 25 pmol of the reverse primer, 1 mM deoxynucleotide triphos-
phate (dNTPs), 7 U of av ian myeloblastosis virus reverse transcriptase (Pro-
mega, Madison, WI), 40 U RNasin (Promega), 1 mM dithiothreitol , 
50 mM Tris, pH 8.3, 60 mM KCI, and 3 mM MgCI2. 
Five microliters of the reaction prodnct were added to 45 III of a PCR mix 
containing 25 pmol each of PI and P2 primer, 0.1 mM dNTPs, 1 U Taq 
DNA polymerase, 5 mM Tris, pH 8.3, 44 mM KCl, and 1.2 mM MgCI2 . 
The amplification protocol was annealing for 90 seconds at 60°C, extension 
for 90 seconds at 72 ° C, and denaturation for 90 seconds at 94 ° C for 40 cycles 
(GeneAmp PCR system 9600, Perkin Elmer, Branchburg, NJ). AmpliEca-
tion products were detected on ethidium bromide-stained agarose gels and, 
after alkaline transfer to a nylon membrane, hybridized with an internal,32p. 
labeled oligonucleotide probe (01, 5'-TCT TTC TCG TCT TCC CTC 
ATT CTG T-3') in 6 X SSC (1 X SSC is 150 mM NaCl, 15 mM sodium 
citrate) at 55 °C. Subseqnent washes were carried out in 3 X SSC at 55°C. 
For negative controls, the RT reaction was omitted to exclude amplification 
of pseudogenes. Additionally, distilled water was used as negative control. 
RNA In Situ Hybridization A 437 -bp Taq I fragment of HOXC4 eDNA 
(from the region 5' to the homeobox, not including the homeobox) was 
provided by Prof. Dr. E. Boncinelli, DIBIT, Istituto Scientifico H. San 
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Figure 3. Expression of HOXC4 and cytokeratin 10 in a hair follicle. a) III sitll hybridization with probe specific for HOXC4 (signal consists of black 
granules). b) Immunostaining with DE-K10 antibody specific for cytokeratin 10 (dark area) . 
Raffaele. Milan. Italy, and cloned in a pGEM-3 transcription vector (Pro-
mega) . This probe has been tested previously in extensive Northern blot 
studies [4- 6]. Digoxigenin-labeled antisense and sense RNA transcripts 
were generated according to Melton et al [13] using digoxigenin-ll-UTP 
(Boehringer Mallnheim, Mallnheim, Germany) and SP6 and T7 RNA 
polyrnerases (Promega). Integrity and relative concentration of antisense 
and sense transcripts were determined by denaturing gel electrophoresis of 
serial dilutions and transfer to a nylon membrane. Digoxigenin-labelcd 
RNA was visualized by anti-digoxigenin antibodies conjugated to aJkaline 
phosphatase (Boehringer Mannheim) and AMPPD-induced chemilumines-
cence (Tropix, Bedford, MA) [14]. 
A previously published non-radioactive RISH protocol [15] was adapted 
for use on sklJ1: 4-,Um paraffin-embedded sections, mounted on 3-
aminopropyltriethoxysilane - treated glass slides, were deparaRlnized in xy-
Figure 4. Pigmented hyperplastic solar keratosis. a) ill sitll hybridization with probe specific for HOXC4 (signal consists of black granules, dark areas in 
basal cells are melanin pigment). b) Immunostaining with DE-K10 antibody specific for cytokeratin 10 (dark areas in basal cells are melanin pigment). 
344 RIEGER ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
~. , 
.. -
Figure 5. Bowenoid skin lesion. a) III situ hybridization with probe specific for HOXG4 (signal consists of black granules). b) Immunostaining with 
DE-K10 antibody specific for cytokeratin 10 (dark area) . 
lene at 50 · C, rehydrated in graded alcohols, treated with Lugol's iodine and 
3% sodium thiosulphate, and quenched in 0.3% H 20 2 for 20 min. Prehybri-
dization treatments included 0.2 M HCl for 20 min, 2 X SSC at 70·C for 
10 min, 0.5 to 10 j.lg/ml Proteinase K (Boehringer Mannheim) in 50 mM 
Tris, pH 7.6, for 60 min at 37 ·C, 0.4% paraformaldehyde for 20 min at 
4 · C, and acetylation with 0.25% acetic anhydride in 0.1 M triethanol-
amine-HCI, pH 8.0. After dehydration in ethanol, the sections were covered 
with hybridization mixture (50% deionized formamide, 10% dcxtran sul-
phate, 0.5 X SSC, 50 j.lg./mJ phenol-extracted yeast tRNA, and satura-
tion levels of antisense or sense probe) and coverslipped. After denaturation 
at 65 · C for 7 min, sections were hybridized overnight at 50·C. Posthy-
bridization washes consisted of 2 X SSC at room temperature for 5 min, 
two changes of 2 X SSG at 58· C for 10 min, and 0.1 X SSC at 58 0 C for 
10 min. 
Digoxigenin was detected by a three-step immunoperoxidase method: 1) 
mouse-anti-digoxin antibody (Sigma, St. Louis, MO; diluted 1 : 250 in 
phosphate-buffered sa line containing 1 % blocking reagent [Boehringer 
MannheimJ), 2) biotinylated horse-anti-mouse antibody (1: 250; Vector, 
Burlingame, CAl, and 3) streptav idin - horse radish peroxidase (1 : 250; 
Enzo, New York, NY) . Substrate for the peroxidase was diaminobenzidine 
(0.2 mg/ml) and 0.006% HzOz in a buffer containing 3 mM nickel chloride 
and 50 mM Tris, pH 7.6. Subsequent silver enhancement of the diamino-
benzidine-nickel product according to Merchenthaler et 01 (16) was per-
formed as described in detail previously [17]. Signal consists of black gran-
ules. Sections were slightly counterstained with hematoxylin. 
Controls included sense probe for each specimen and hybridization mix 
only. Additionally, several specimens were incubated with 1.2 mg/ml 
RNase A (Promega) in 0.5 M NaCI, 1 mM ethylene diaminc tetraacetic 
acid, and 10 mM Tris, pH 8.2, at 37·C for 30 min after Proteinase K 
digestion. RNA quality of the sections was checked with a digoxigenin-Ia-
beled oligonucleotide probe for 28s ribosomal RNA (18) (hybridization at 
37"C in a mix containing 25% formam ide, 10% dextran sulphate, 1 X SSC, 
and 140 j.lg/ml salmon sperm DNA; washes in 2 X SSC at 37 · C). Sections 
giving neither HOXG4 nor 28s ribosomal RNA signal were not included in 
the study. 
Immunocytochemistry The DE-K10 monoclonal antibody specific for 
CK10 was a gift of Dr. Dagmar Ivanyi, The Netherlands Cancer Institute, 
Antoni van Leeuwenhoek Huis , Amsterdam, The Netherlands (19). A stan-
dard three-step immunoperoxidase method (streptavidin-biotin complex 
~ethod; DAKO, Glostrup, Denmark) was used on paraffin-embedded spec-
Imens. 
RESULTS 
RT-PCR eDNA specific for HOXC4 could be amplified from all 
six RNA samples of normal skin, and cultured SVK14 cells investi-
gated. Figure 1 shows a representative blot after hybridization of 
amplification products with the specific oligonucleotide probe 01. 
RNA In Situ Hybridization (Table I) All seven specimens of 
normal skin and the adjacent non-lesional epidermis of the other 
specimens showed expression of HOXC4 mRNA in the suprabasal 
layers of the epidermis with the antisense probe (Fig 2a). In the 
basal layer, signal was weak to undetectable. After pre-incubation 
with RNase A no signal was detectable. Signal obtained with the 
sense probe was negligible in all specimens (Fig 2b). Supra basal 
layers of the infundibulum of hair follicles gave signals similar to 
those in the epidermis, whereas lower parts of the hair follicle did 
not show a significant staining (Fig 3). Lower parts of the hair 
follicle including the outer root sheath did not show a significant 
staining. Fibroblasts and occasional lymphocytes in the perivascular 
dermis also stained positively. 
Atypical keratinocytes in solar keratoses gave no signal, whereas 
areas with orderly arranged typical keratinocytes were positive. 
Columns of parakeratotic cells were often negative (Fig 4a). Atypi-
cal keratinocytes of Bowen's disease were also mostly negative. 
Occasion.ally, HOXG4 expression. was found focally corresponding 
to CKIO expression in these areas (Fig 5). 
In squamous cell carcinoma, undifferentiated areas without any 
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Figure 6. Squamous. cell car~inoma. [,I situ hybridization with probe 
specific for HOXC4 (signal consists of black ~ranul es). HOXC4 IS not e,:-
pressed in neoplastic cells without keratullzatlOn (center) . Areas with strati-
fied epithelium around horn pearls (lift) show expreSSIon tbat IS weaker than 
in the normal epidermis (top right). Lymphocytes also give signal (bOl/olll 
righ t) . 
sign of keratinization showed no expression of HOXC4. However, 
well differentiated areas with keratinization - especially around 
born pearls - were frequently positive although the staining inten-
sity "Was usually lower than in the adjacent normal epidermis (Fig 
6). In cases of basal cell carcinomas , aggregations of basaloid cells 
were negative. 
A spatial grad ient of HOXC4 expression along the anterior-pos-
terior body axis or a site-restricted expression was not observed 
(Table J). Lymphocytes were frequently but not consistentl y posi-
tive (Figs 4a,6). 
lnununocytochemistry The expression pattern of HOXC4 
mRNA was remarkably similar to that ofCK10. Both are expressed 
in the suprabasal layers of the normal epidermis. In well differen-
tiated parts of solar keratoses, cases of Bowen's disease , and SCCs, 
HOXC4 and CK10 expression showed a good correlation (Figs 3 
and 4). Only occasionally, a focal weak HOXC4 signal was seen in 
sces w ithout a corresponding CK10 staining. 
DISCUSSION 
We have demonstrated by RT-PCR and RISH that HOXC4 is 
expressed in adult normal human skin, and keratinocyte cell line 
SVK 14. Cultured keratinocytes isolated from fores kin of three pa-
tients also showed expression of HOXC4 (data not shown). RISH 
showed expression mainly in the suprabasal layers of the normal 
epidermis. Furthermore, RISH on epithelial skin tumors revealed a 
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relation of HOXC4 expression with differentiation in normal and 
neoplastic keratinocytes. 
Reports on HOX gene expression in skin are scarce and most 
studies have been carried out on murine skin. C huong et al have 
stud ied expression of HOX genes corresponding to human 
HOXC6 and HOXD4 in the developing chick feather bud (re-
viewed in [20)) . Bieberich et al [2 1] have found expression of the 
HOX 3.1 gene, corresponding to human HOXC8, in the dermal 
papillae of the anagen hair follicle in adult mice. Furthermore, skin 
sections from the dorsal and ventral trunk showed a gradient of 
expression with a maximum in the posterior region. III situ hybrid-
ization studies with a probe for Hoxb-6 by Mathews et al [22] re-
vealed a uniform expression of this gene in the epidermis of muri ne 
skin over the body. Detmer et al [9] have demonstrated expression of 
all Hox-B genes except Hoxb-1 in fetal murine skin by RNase pro-
tection assays. Additionally, expression of the Dfd-related paralogous 
genes Hoxa-4, -b-4, -c-4, and -d-4) has been found in feta l skin. 
Hoxb-2, -b-4, and -c-4 were also expressed in adult murine 
skin. 
The only report on HOX expression in human skin is by Thomas 
et al [Thomas NE, Polakowska R, Rogers KE, Kelly E, Goldsmith 
LA: Homeobox containing genes found in adult human keratino-
cyte library (abstr) Clil1 R es 37:595A, 1989], w ho isolated a HOX 
gene homologous to the mouse Hoxa-7 (Hox 1.1) gene from a 
cDNA library of cultured human keratinocytes. To our knowledge, 
our report is the first description of HOXC4 expression in adult 
normal human skin. RT-PCR and ruSH consistently demonstrated 
expression of HOXC4. T his is in agreement with the expression of 
the mouse homologue Hoxc-4 found by RNase protection assays in 
adult murine skin by Detmer et al [9]. A spatial gradient along the 
anterior-posterior body axis as is seen for the individual HOX loci in 
developing tissue during embryogenesis (reviewed in [23)) or a 
site-restricted expression of HOXC4 was not observed (Table I). 
RISH resu lts from seven and RT-PCR results from six specimens of 
normal skin were similar in male and female specimens and at dif-
ferent ages of the patients (range 40 to 90 years). This suggests a 
more general rather than a si te-specific function of this gene in adult 
epidermis . A contribution of HOXC4 to the heterogeneity of skin is 
not supported by our results, but cannot be excluded for other HOX 
genes. More data on the expression of other HOX genes in adult 
skin and a quantitative analysis are necessary to elucidate this 
question. The findin g of HOXC4 expresion in lymphocytes in the 
perivascular dermis and in the periphery of epithelial tumors (Figs 
4a and 6) is consistent with previous findings in tonsils and 
various T- and B-cell lines ([6,24] and our own unpublished 
data). 
Considering the differences of HOX expression patterns be-
tween normal tissue and malignant tumors reported for colorecta l 
cancer and kidney [5 ,4], we studi ed HOXC4 expression in prema-
lignant and malignant epithelial skin lesions. RISH turned out to be 
the most suitable technical approach because the normal epidermis 
adjacent to the tumors, well differentiated neoplastic cells, and der-
mal fibrobl asts also express HOXC4 and non-morphologic methods 
such as RT-PCR and Northern blots would only reveal differences 
of the expression level. Undifferentiated neoplastic cells did not 
show significant HOXC4 expression, whereas expression was 
fOllnd in well differentiated areas of SCCs revealing keratiniza-
tion. 
These findin gs closely resemble the expression pattern of the 
differentiation-associated cytokeratins 1, 10, and 11, w hich are also 
expressed in the suprabasa l layers of the normal epidermis and well 
differentiated SCCs [25,26]' Therefore we compared RISH results 
w ith immunostaining for CK10, one of these three markers of 
epidermal differentiation. A good spatial correlation of expression 
was found. This co-localization of HOXC4 and CKlO expression 
suggests that HOXC4 could be involved in the differentiation pro-
cess of normal epidermal keratinocytes. The common structure of 
homeoproteins, which have a helix-tum-helix configuration, sug-
gests that they act as transcriptio .1 factors (reviewed in [1 J) . But so 
far, no target gene for HOXC4 is known. In mice, linkage analysis 
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showed that the genes for retinoic acid receptor y, the keratin type II 
complex, and the Hox-C complex are located in proximity to 
mouse chromosome 15. Similarly, close linkage was demonstrated 
for the genes for the retinoic acid receptor a, the keratin type I 
complex, and the Hox-B complex [27]. Physical'p:oximity betwee.n 
regulator and regulated genes is not a prereqUl.slte for eukary.otlC 
gene regulation. But considering. the conserved 1111~a~e of functIon-
ally related homeobox genes dunng hundreds of millions of year~ of 
evolution [28,29], this proximity may playa role for the regulation 
of these particular gene families. Retinoic acid is a potent inducer of 
cell differentiation (reviewed in [30]) and has been shown to regu-
late the function of particular HOX genes (reviewed in [1]). The 
questions whether these parts of a puzzle form a common picture 
and whether HOXC4 is actually involved in keratinocyte differen-
tiation cannot be answered by the data presented in this study but 
awaits further research. 
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